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INTRODUCTION
Studies on the effects of trial distribution upon acquisition
speeds have produced rather consistent results.

Many experimenters,

utilizing both operant and classical procedures, report that longer
intertrial intervals (ITI) facilitate acquisition (Brush, 1962;
Calvin, 1939; Hovland, 1938, 194-0, 1949; Humphreys, 1940; Levine
and England, I960; Murphy and Miller, 1956; Prokasy, 1958; Jacobs,
1966; Reynolds, 1945; Schlosberg, 1934; Spence, 1950; Teichner,
1952).

Seven studies report findings of no significant difference

(Cotton and Lewis, 1957; Gagne, 1941; Grant, Schipper, and Ross,
1952; Lewis, 1956; Scott and Nike, 1956; Sheffield, 1949; Wilson,
Weise, and Amsel, 1955).

No studies were found reporting massed

training as superior to spaced in terms of acquisition speeds.
Experimental data on the effects of extinction trial distribu
tion upon extinction speeds are highly inconsistent.

Ten studies

report that the massing of extinction trials speeded the extinction
process (Burros, 1949; Gagne, 1951; Hilgard and Marquis, 1935;
Pavlov, 1927; Ratner, 1956; Razrin, 1939; Reyna, 1946; Reynolds,
1945; Rohrer, 1947, 1949).

Several recent studies report faster ex

tinction with distributed trials (Cotton and Lewis, 1957; Howat and
Grant, 1958; Jacobs, 1966; Lewis and Cotton, 1959; Sheffield, 1950;
Stanley, 1952; Wilson, Weiss, and Amsel, 1955).

A number of exper

imenters report findings of no significant difference (Gole and
Abraham, 1962; Grant, Schipper, and Ross, 1952; Hall, 1955; Lewis
1
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1956; Porter, 1938, 1939; Scott and Wike, 1956, Teichner, 1951).
Prior to the early fifties, experimental data on the massed
spaced extinction problem had either consistently favored massed
trials as facilitating extinction, or produced results of no dif
ference.

Well integrated learning theories were required to utilize

explanations involving phenomena other than pure learning as massed
ITIs had an opposite effect upon acquisition speeds.
fatigue theories were popular theoretical viewpoints.

Inhibition and
Inhibition

theories, including Hull’s two factor approach (1943)> assume that
an inhibitory state accumulates from trial to trial and dissipates
in the ITIs.

More of this inhibitory state accumulates with massed

rather than spaced trials resulting in slower acquisition with massed
training.

This process Is said to continue during extinction and for

the same reason that massed trials slow acquisition, it speeds the
extinction process.

The fatigue theory of Miller and Dollard (1941)

explains that a similar process takes place during acquisition and
extinction; though the development of muscle tension and fatigue is
substituted for inhibition.

Cessation of responding is also said to

be rewarded by escape from this fatigue.
The first experimental report of massed extinction trials in
creasing resistance to extinction was completed by Sheffield (1950).
A new theory of extinction was formulated to explain these results.
The frustration hypothesis maintains that nonreinforcement during
extinction Is frustrating and that this emotional response in the
organism can result in a drive state of increased general activity,
Depending upon the availability of competing responses, this
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increased activity may be channeled into performing the conditioned
behavior which would in turn delay extinction.

Spaced trials are

thought to allow a certain amount of frustration to dissipate during
the intertidal interval and would thus result in faster extinction
than would massed trials.

Since the conception of this theoretical

viewpoint, a great deal of experimental evidence has supported this
phenomenon.

An excellent review of the development and present

state of frustrative nonreward is found in Amsel (1962).
This explanation is limited, however, in that it cannot explain
or predict the outcome of experiments utilizing classical condition
ing procedures.

Nor can this theory explain results of those studies

examining a specific measure of performance (e.g., maze choice)
where a generalized drive state may not affect, or may detrimentally
affect, performance (Stanley, 1952).

One would be required to say

that under nonfrustrative conditions or conditions where frustration
does not favor the repetition of the response, the ITI would not
affect extinction speeds.

However, two recent experimenters (Jacobs,

1966j Howat and Grant, 1958), using classical conditioning procedures
where a frustrative drive state would not be in operation, produced
data showing that longer ITIs facilitated extinction.
Reviewing the literature on the massed-spaced extinction speed
problem, it is evident that there are highly divergent findings in
this area.

Few investigators have made the study of trial distri

bution during extinction the major objective of their work, and the
data frequently have been confounded with the other variables studied.
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As noted by Jacobs (1966), previous studies contributing data on
the variable of extinction trial distribution are difficult to
interpret unambiguously,

A variety of methodological errors, such

as failure to control for generalization decrement effects due to
ITI changes from acquisition to extinction, and failure to prevent
the occurence of temporal conditioning were frequently made.

Other

common shortcomings were the use of only one S and failure to give a
sufficient number of extinction trials.

In none of the studies re

porting distributed trials to facilitate extinction were the results
apparent before approximately 10 consecutive trials were given.

A

w^nlTmnn number of extinction trials are necessary for the distribu
tion pattern to become established and for the S to differentially
respond to the presentation schedules.
It was the purpose of this experiment to complete a study on
the relative extinction speeds of massed and spaced ITIs in a sim
ple, direct fashion where resulting data would be easier to interpret.
A rather specific response of key pecking was used to minimize the
facilitative effects of a possible drive state incurred during ex
tinction.

Any increased activity would be less likely to be chan

neled into this response than would occur in a behavioral measure
such as maze running.

The use of this response would also allow a

record of ITI responses to be maintained.

It is felt that the number

of these responses made could reveal the relative frustrative drive
states of massed and spaced trial animals.

The results of this

study will be discussed in relation to previous studies euid their

R e p ro d u c e d with perm ission of the copyright owner. Further reproduction prohibited without permission.
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theoretical implications.

As recent experimentation reveals a ‘trend

favoring massed trials as Increasing resistance to extinction, it was
hypothesized that similar results will be found in this study.
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METHOD
Subjects and Apparatus

Fifteen male Japanese Quail maintained

in the colony at the Western Michigan University psychological lab
oratory were used.

Eight birds were approximately 60 days of age,

and the remaining seven were 80 days old at the beginning of train
ing.

Each bird was housed in a separate cage with constant access

to water.

All Ss were experimentally naive.

The apparatus used was an automated Skinner box 12 in. in height
with

x 10^- in. sides.

The floor consisted of wire mesh screen and

a clear plastic lid was used as a cover.

In the center of one of

the longer walls was situated a 1^- in. square opening, 1 in. above
the floor.

A S could insert its head through this opening to re

ceive dry, ground mash from the feeder.

A circular response key,

1 in. in diameter was located 2 in. above the feeder.

This key was

recessed 3/8 in. from the interior of the box as this was the thick
ness of the wall.

Both the response key and feeder could be illumi

nated independently with 25 watt bulbs.
served as an

The illumination of the key

indicating the beginning of a trial.

The appearance

of the feeder light was an SD signaling the availability of the
feeder after a successful response had been made.

The entire box

received only indirect light from a 75 watt bulb located at the far
end of the laboratory room.

This semi-darkness allowed the lights

in the key and feeder to appear more distinctly.

A programmed tape

with a 36 trial cycle randomly produced an equal number of 5, 10, and

6

R e p ro d u c e d with perm ission of the copyright owner. Further reproduction prohibited without permission.

15 sec. ITIs during training sessions.

A similar procedure was used

to produce the 5, 10, and 15 sec. ITI extinction schedules.

Counters

automatically recorded the total number of key peck responses for the
trial and ITIs during extinction.
Procedure

The experimental design for this study provides

randomized 5, 15, and 25 sec. ITI acquisition training for all Ss.
Three extinction groups of five Ss each were assigned to either a
5, 15, or 25 sec. fixed interval extinction schedule.

All Ss were

food deprived five days prior to training and were maintained at 8056
of their free feeding body weight.

One 5 min. pre-training session

in the apparatus was given and all Ss were allowed to eat freely from
the feeder.

The following training sessions were given twice a day

at 12 hr. intervals.

Successive approximation techniques were neces

sarily used during initial feeder and key training procedures.
During feeder training, the total time the feeder was in position
was reduced from 10 to 3 sec., as the birds became more proficient
at obtaining food.

Key training procedures followed.

remained on until a response was made.

Here, the SD

The light would then term

inate until the end of the 3 sec. feeding period and the occurrence
of another trial.

The randomized ITI acquisition schedule was intro

duced as each S began to acquire the key pecking response.

Here, the

SD was presented only _after a 5, 15, or 25 sec. interval following
the previous trial.

Failure to respond within a 10 sec. period

following the occurrence of the

resulted in the termination of

the light and the beginning of an ITI.

Responses made during the ITIs

were not reinforced.
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Training sessions of 30 trials each were continued until each
bird made one or less ITI responses for three consecutive sessions,
while making the appropriate key peck during each of the trials.
This acquisition criterion resulted in a high degree of training for
each of the Ss.

As the Ss reached the acquisition criteria, they

were randomly assigned to either a 5, 15, or 25 sec. ITI extinction
schedule.

The nonrewarded extinction trials occurred at only the

assigned interval with the 10 sec. S^ period remaining the same.
As in acquisition training, a response during this 10 sec. interval
would terminate the Sc . Extinction began 12 hrs. following the last
acquisition session and was preceded by four rewarded training trials
occurring at the usual random ITI,

The interval between the pre

extinction and extinction trials was equivalent to another randomized
ITI.

One hundred consecutive extinction trials were then given to

each subject regardless of the number of responses made.
A great deal of difficulty was encountered attempting to elimi
nate superstitious behavior which the Ss developed during the latter
acquisition ITIs.

These behaviors included persistent pecking of the

response key and other parts of the apparatus, jumping against the
lid of the box, and pacing, among other activities.

An attempt was

made to eliminate these responses by introducing a 10 to 20 sec.
delay in the appearance of the SD after their occurence.

This pro

cedure increased the length of the ITIs of several Ss by the above
mentioned periods of time when used.
Though the ITI key pecking was eventually controlled by the
delay introduced, the attempt to eliminate other behavior reinforced
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through other contingencies was discontinued.

As these birds were

distributed among the three extinction groups through random selec
tion procedures, relative extinction speeds are felt to be unaffected.

R e p ro d u c e d with perm ission of the copyright owner. Fu rther reproduction prohibited without permission.

RESULTS

All Ss were trained on the same random acquisition schedule
and received approximately the same amount of training.

The only

experimental condition that differed for the three extinction groups
was that of ITIs.

Extinction rates for the three groups are com

pared graphically in Figure I.

Thehorizontal axis represents the

number of extinction trials and the vertical axis the number of
non-rewarded responses.

The extinction curves represent the mean

number of responses for each of the three groups of Ss.
During the first ten non-rewarded trials, extinction rates for
the three groups did not differ, as each bird made 10 consecutive
responses.

However, by the 15th trial one 25 and two15 sec, ITI Ss

had failed to respond to one or more discrete trials.

One S in the

5 sec. ITI group did not respond to one presentation of the key
light by the end of the 20th trial.

The curve of mean responses for

the 25 sec. ITI group leveled off after approximately 60 extinction
trials with a mean of 26 responses.
beyond the 65th trial.
responses.

No further responses were made

Fifteen sec. ITI Ss attained a mean of 30

The extinction curve for these birds continued to rise

until approximately the 80th trial, with one S responding occasion
ally through the 95th presentation.

Three of the 5 sec. ITI birds

continued responding at or beyond the 100th extinction trial with the
entire group attaining an overall average of nearly fifty responses.
The actual number of non-rewarded responses made by each S

10
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NO. OF RESPONSES

501

20

5 see. group
25 seco group
15 sec. group

80

100

NO. OF EXTINCTION TRIALS

Fig. 1 • Number of nonrewarded responses for the 5» 15»
and 25 sec. ITI extinction groups.
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during extinction can be seen in Table I.

The mean number of

, responses and standard deviation for each extinction group are also
listed.

It can be seen from this table that there is a fairly large

amount of intra-group scatter.

The standard deviation for the 5 sec.

ITI group is 16.9, 1A.2 for the 15 sec. group, and 7.5 for the 25
sec. group.

Performance for the 5 sec. ITI Ss, however, was more

consistent than the standard deviation suggests due to the rela
tively low response rate of the lowest scoring bird.

Inspection of

all experimental data gathered did not reveal a consistent relation
ship between rate of extinction and relative acquisition speeds,
order of extinction, weight and age of the Ss, or amount of super
stition behavior.
A statistical analysis of variance was computed for differences
in extinction rates for the three ITI groups.
significant difference at the .05 level.

This test reveals a

”tn tests show that the

5 sec. ITI extinction group differs significantly at the .05 level
from the 15 ‘
and 25 sec. groups.

The 5 sec. ITI group differed from

the 25 sec. group at the .025 level of significance and at the .05
lev*>l from the 15 sec. group.

However, the 15 and 25 sec. groups

differed only at the .30 level of significance.

It is evident that

the difference found in the analysis of variance is due largely to
the discrepancy in performance of the 5 sec. birds from that of the
15 and 25 sec. groups.

The test for homogeneity of variance was not

significant at the .05 level.

Data from the three extinction groups

show a significant linear trend as 8

8

of the variation between

groups could be predicted from a linear regression equation.
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As the
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Table 1
Number of individual responses, mean no. of responses, and standard
deviations for each of the three extinction groups
5 sec. ITI

15 sec. ITI

25 sec. ITI

No. of responses

71
57
53
42
26

48
43
25
22
15

38
28
24
23
18

Mean no. of responses

49.8

30.6

26.2

Standard deviation

16.9

14.2
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7.5 '

1A
test for quadratic trend was not significant, there are no large
deviations from this formula.

A summary of these data can be seen

in Table II.
Typical behavior during extinction was that of some initial
excitement and activity which quickly extinguished.

Responses

during the ITIs were seldom made with a total of less than four for
any particular bird during the 100 extinction trials.

It had been

felt that the number of these responses made during this period
would be a good measure of increased activity and general excitement.
The majority of the Ss typically exhibited withdrawal behavior,
ceasing all activity and assuming a sleeping position during the
latter part of the extinction period.
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Table II

Statistical data on tests for trend, analysis
of variance, and homogeneity of variance
MS Treat

MS Error

DP

F

P*

787.5

180.7

2,12

A .3 6 >. 9 5

Test for Lin, Trend

1392.A

182.5

1,12

7.69 >.95

Test for Quad. Trend

182.5

180.7

1,12

1.009<.75

A,A

5.08 <.95

Analysis of variance

Test for Honogeneity
of variance

w one tailed test
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DISCUSSION

Generally, the massing of extinction trials facilitated the
extinction process as hypothesized.

However, as suggested by

Sheffield (1950), it vas found that relative differences in extinc
tion rates due to trial distribution did not become evident until a
minimum number of trials had been completed.

All ITI extinction

groups responded identically in terms of the number of responses
made during the first 10 trials.

Obviously, extinction must proceed

long enough to allow the pattern of scheduling to become established
and to effect the Ss performance.

Several other experimenters have

noted the ’no difference' results early in extinction (Howat and
Grant, 1958; Lewis and Cotton, 1959; Scott and Wike, 1956; and
Stanley, 1952).

Cole and Abraham (1962) have cited studies which

suggest that there is a ’crossover’ effect in extinction where faster
initial decay is found with massed trials followed by crossover with
the spaced condition yielding more complete final extinction.

These

factors have confounded the results or previous studies where ex
tinction procedures utilize less than 10 to 15 trials.
The present extinction data generally support the hypothesized
effects of extinction trial distribution.

Birds with spaced trials

extinguished faster than the Ss with massed trials.

However, extinc

tion speed as measured by the total number of nonreinforced responses
made, did not have a direct linear relationship with the ITI length.
The difference between the 15 sec. ITI group and the 25 sec. ITI

16
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group was not significant, reaching only the .30 level of confidence,
while that between the 5 sec. ITI group and the 15 and 25 sec. ITI
groups was significant at the .05 level.

Thus, the difference in

extinction rates resulting from the distribution of trials appears
to be curvilinear.

Increases in the ITI did not lead to a propor

tionate decrease in response rate.

This would suggest that there is

a point where additional increases in ITI length would no longer
affect extinction speeds.
Stanley (1952) found that spaced trial rats extinguished faster
than massed trial animals in terms of running speed, but extinguished
slower in terms of the percentage of correct responses while negoti
ating a T maze.

Thus, he felt that spaced trial animals would ex

tinguish faster only in a restrictive situation such as alley
running, using a non-specific and presumably a drive measure of per
formance.

When frustrative conditions were not present during

extinction, it was felt that both massed and spaced trial animals
would extinguish at the same rate.

As the key pecking response would

not be subject to the facilitative effects of a drive state as would
the activity of maze running, the present results can be considered
contradictory to Stanley*s theorizing.

Though it is agreed that a

frustratively induced nonspecific drive state, if present, may have
incidentally increased the rate of key pecking, it is evident that
any increased activity was not channeled into making this response.
Actually, informal observations of the Ss during extinction,
did not reveal an increased level of activity.

The typical behavior

of these birds during extinction was that of increasing inactivity
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and even withdrawal.

More excitedness and general activity was

observed during training rather than extinction.

Furthermore, it

had been hypothesized that if a frustratively induced, generalized
drive state were in operation during extinction, the learned dis
crimination of responding only to the occurrence of the key light
would break down due to the Ss excitedness and disorganization.
This did not prove to be the case, as few of the Ss responded during
the ITIs, and those who did made only four or less during the entire
100 extinction trials.
Inhibition and fatigue theories are directly contradicted by
the results of this study, as both imply that the massing of extinc
tion trials would result in faster extinction.

Other recent studies

previously cited present accumulating experimental evidence not in
line with these theories.

As mentioned previously, the frustration

hypothesis would adequately explain the results of the recent operant
studies finding faster extinction with spaced trials.

However, no

explanation could be given to the results of classical studies, nor
those operant experiments where the behaviorial measure would not be
affected by a generalized drive state (Stanley, 1952).

Amsel (1958)

questions whether the frustration effect constitutes a frustration
theory of extinction.

Perhaps it should be viewed as just the intro

duction of a motivational construct which could be incorporated
within present learning theories, as no new theoretical assumptions
are involved.
The interference theories as presented by Guthrie (1935),
Maatsch (1954-), and Wendt (1936), best explain the results of this
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study.

Here, extinction is not viewed as a process different from

acquisition, but merely as another form of learning.

The necessity

for postulating a special inhibitory factor is denied and reliance
is placed solely upon a competing excitatory process.

A pure inter

ference theoiy would state that new responses will interfere with
those already learned as sheer contiguity of stimulus-response are
considered sufficient to produce learning.

This theory would suggest

that during the ITI, the subject is forming new associations to the
occurrence or nonoccurrence of reward.

The longer the ITI the more

associations are formed concerning the conditions of nonreward, re
sulting in both faster acquisition and extinction.

Reinforcement or

nonreward might also be viewed as leaving a bigger ’impression1 upon
the subject during a period of relative inactivity than would take
place if another trial were given soon following the previous one.
A comprehensive discussion of the interference theory and its appli
cation to both classical and operant studies is given in Maatsch
(1954.).
This study contributes to the growing accumulation of evidence
suggesting that the spacing of extinction trials decreases resistence
to extinction.

However, further well-controlled experimentation is

needed to examine the limits and generality of these findings.

They

would contribute to a re-evaluation of the theoretical concepts con
cerning the effects of trial distribution upon learning.
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SUMMARY

The present study represents an attempt to provide additional
data on the effects of trial distribution upon extinction speeds.
Previous research has presented conflicting data on this problem.
The fact that many of the individual studies have contained a
number of methodological errors make them difficult to interpret and
integrate into a single learning theory.
Fifteen Japanese Quail were trained to make a key-peck response
upon the occurrence of a key light in a modified Skinner box.

Ac

quisition trials were presented at randomized 5, 15, and 25 sec.
intervals.

Three extinction groups of 5, 15, and 25 sec. ITIs were

formed and each S was given 100 extinction trials.

It was found that

the spacing of trials facilitated the extinction process.

Though

the three groups extinguished in the order of longer to shorter inter
vals, the difference between the two longest interval groups was not
statistically significant.

It was felt that interference theories

best explain the results of this study and offer the most integrative
power concerning the finding of previous experimentation in this area

20
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